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THE  ECONOMICAL  PURCHASE  AND  USE  OF  COAL  FOR 

HEATING  HOMES,  WITH  SPECIAL  REFERENCE 

TO  CONDITIONS  IN  ILLINOIS 

A  Non-Technical  Manual  for  the  Householder  and  Operator  of  Small 

House-Heating  Plants 


I.     Introduction 

1.  Subject  Matter  under  Discussion. — This  circular  deals  prin- 
cipally with  the  purchase  and  use  of  "soft"  or  bituminous  coal,  with 
special  reference  to  that  mined  in  Illinois,  Indiana,  and  western  Ken- 
tucky, and  generally  used  in  Illinois  for  ordinary  domestic  service  in 
house-heating  plants.  The  location  of  the  principal  interior  coal  fields 
and  the  distinguishing  characteristics  and  relative  values  of  the  fuels 
originating  in  them  are  considered. 

The  more  important  factors  involved  in  the  installation  of  a 
satisfactory  and  economical  house-heating  system  are  discussed,  and 
the  most  economical  methods  of  firing  soft  coal  and  operating  a 
house-heating  plant  are  presented.  For  the  convenience  of  the  house- 
holder who  desires  to  place  his  heating  system  in  proper  condition  to 
derive  the  benefits  of  greater  economy  from  its  operation,  the  most 
vital  installation  and  operating  requirements  are  summarized  in 
concise  form. 

The  order  in  which  the  several  phases  of  the  subject  are  dis- 
cussed corresponds  with  that  in  which  the  householder  normally 
considers  them.  In  the  early  summer  he  looks  over  his  heating  sys- 
tem to  see  that  it  is  in  proper  condition  for  the  next  heating  season ; 
next  he  purchases  his  coal ;  finally  he  is  concerned  with  the  problem 
of  operating  the  system  in  a  manner  which  will  produce  the  best 
results. 

It  is  to  be  noted  that  questions  of  extreme  refinement  in  practice, 
or  technical  details  which  may  concern  the  engineer  or  furnace  de- 
signer, do  not  form  any  part  of  the  subject  matter  of  this  circular; 
its  purpose  is  solely  to  acquaint  the1  average  householder  with  the 
essential  properties  of  the  fuel  he  buys,  to  inform  him  as  to  the 
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processes  which  take  place  in  his  furnace,  and  to  suggest  the  means 
he  may  employ  to  obtain  the  greatest  possible  amount  of  heat  in 
return  for  the  money  he  pays  his  coal  dealer.  The  operation  of  the 
average  house-heating  system  is  recognized  as  wasteful.  The  sugges- 
tions contained  herein  will,  if  followed,  reduce  the  cost  of  heating, 
and  they  will  help  to  conserve  the  nation's  fuel  supply  at  a  time 
when  such  conservation  is  of  extreme  importance. 

2.  Committee. — The  information  contained  in  this  circular  has 
been  compiled  under  the  direction  of  a  committee  of  which  A.  C. 
AYillard,  Assistant  Professor  of  Heating  and  Ventilation,  is  chairman. 
The  other  members  of  the  committee  are  G.  H.  Cady,  Geologist,  State 
Geological  Survey;  J.  McB.  Snodgrass,  Assistant  Professor  of  Rail- 
way Mechanical  Engineering;  E.  A.  Holbrook,  Assistant  Professor  of 
Mining  Engineering ;  A.  C.  Callen,  Associate  in  Mining  Engineering ; 
and  C.  S.  Sale,  Assistant  to  the  Director  of  the  Engineering  Experi- 
ment Station. 

II.     Requirements  to  Be  Met  by  a  Satisfactory  House-Heating 

Installation 

In  order  to  heat  a  house  economically  certain  requirements,  which 
apply  to  a  good  installation,  must  be  observed. 

The  owner  or  operator  of  a  heating  system  should  make  an 
inspection  (a),  of  the  heater,  and  (b)  of  the  heating  system  as  a 
whole,  to  determine  whether  his  installation  conforms  with  the  neces- 
sary requirements. 

3.  The  Heater. —  (1)  If  the  majority  of  the  rooms  of  a  build- 
ing are  to  be  heated,  a  single  warm-air  furnace,  hot-water  heater,  or 
steam  boiler,  requiring  one  fire  and  one  chimney,  should  be  installed, 
instead  of  a  number  of  stoves  with  several  chimneys. 

(2)  The  foundation  or  floor  on  which  the  heater  is  set  must  be 
true  and  level,  and  must  present  a  full  flush  or  tight  bearing  for  the 
heater  castings,  so  that  air  cannot  leak  into  the  ash  pit  through  cracks 
or  crevices  at  the  floor  line  (Fig.  1).  Air  leakage  at  this  point  means 
that  the  fire  will  burn  out  too  rapidly  even  when  the  ash-pit  door  and 
draft  dampers  are  closed.  •» 

(3)  A  recess  in  the  floor,  forming  an  extra  ash  pit  (Fig.  1), 
below  the  steam  boiler  or  hot-water  heater,  will  prove  of  great  ad- 
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Fig.  1.     Sectional  Views  Showing  Approved  Method  of  Setting  Steam 
Boilers  and  Hot  Water  Heaters  to  Provide  Additional  Ash  Pit 

All  joints  around  ash  pit  must  be  made  absolutely  tight  or  it  will  be  impossible 
to  control  air  supply  by  ash-pit  damper  and  waste  of  fuel  will  result. 
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vantage  in  cleaning  out  ashes  and  keeping  the  space  under  the  grates 
free  so  that  air  may  be  supplied  evenly  to  the  entire  lower  side  of  the 
grate  and  fuel  bed.  If  this  extra  pit  is  not  provided,  the  entire  ash 
pit  must  be  kept  clean  constantly,  no  ashes  being  allowed  to  accumu- 
late in  it. 

(4)  All  fire,  ash-pit  and  clean-out  doors  (Fig.  2)  opening  into 
flues  must  be  true  and  must  be  air  tight  when  closed.  This  is  an 
important  requirement  if  the  drafts  are  to  be  under  full  control. 

(5)  Suitable  clean-out  doors  (Figs.  2  and  3)  conveniently  ar- 
ranged, must  be  provided  for  all  types  of  heaters,  for  cleaning  the 
interior  heating  surfaces  over  which  smoke  or  hot  gases  pass,  and 
upon  which  soot  or  ashes  may  be  deposited.  Inability  or  failure  to 
clean  these  surfaces  may  lead  to  serious  fuel  waste. 

(6)  All  classes  of  heaters  should  have  the  following  dampers 
(Figs.  2  and  3)  or  their  equivalent: 

(a)  Draft  damper  in  ash-pit  door  for  supplying  air 
below  the  fire  to  make  it  burn  more  rapidly. 

(6)  Check  damper  in  the  smoke  connection,  just  out- 
side of  the  heater,  to  admit  cold  air  into  the  smoke  pipe  to 
check  the  draft  (opening  the  fire  door  to  accomplish  this  is 
bad  practice  as  it  cools  the  entire  heater). 

(c)  Cross  damper  on  the  heater  side  of  the  check 
damper  to  control  the  intensity  of  the  chimney  draft  when 
the  check  damper  is  closed.  This  damper  usually  requires 
adjustment  only  a  few  times  during  the  heating  season. 

(d)  A  direct-draft  or  by-pass  damper,  which  is  pro- 
vided in  many  heaters  (Fig.  2)  to  make  possible,  when  de- 
sired, the  direct  passage  of  smoke  from  the  fire  box  to  the 
smoke  outlet,  thus  cutting  out  the  tortuous  flue  passages  in 
starting  a  fire  or  until  the  chimney  is  well  warmed,  and  a 
good  draft  has  been  established.  This  damper  must  not  be 
left  open  except  for  a  short  time;  otherwise  a  great  waste 
of  fuel  will  result. 

(7)  The  grate  is  the  most  important  single  item  in  the  entire 
heating  plant.  The  amount  of  heat  which  can  be  developed  and 
transmitted  to  a  heat  distributing  system  having  a  suitable  chimney 
depends  directly  upon  the  amount  of  coal  that  can  be  burned  in  the 
heater,  and  this,  in  turn,  depends  upon  the  construction  and  area  of 
the  grate.     In  order  to  get  more  heat  it  is  necessary  to  burn  more 
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Fig.  2.     Sectional  View  of  Typical  Steam  House  Heater  Showing  Necessary 

Dampers  and  Doors  for  Proper  Regulation,  and  Doors 

for  Cleaning  the  Flues 

(Hot-water  heaters  have  similar  equipment,  but  use  a  different  type  of  damper 
regulator  and  have  an  altitude  gauge  instead  of  a  steam  pressure  gauge.)  Note — 
Many  boilers  do  not  have  a  by-pass  damper,  a  device  which  should  be  open  only 
when  starting  a  fire. 
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coal.  It  is  also  necessary  to  have  the  fire  box  or  space  above  the  grate 
large  enough  to  hold  not  only  the  coal  burned  between  firing  periods, 
but  also  enough  extra  coal  to  kindle  the  next  fuel  charge  very  rapidly. 
This  all  means  that  ample  fuel-burning  and  fuel-holding  capacity* 
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Fig.  4.    Sectional  View  Showing  Two  Types  of  Fire  Pots  for  Burning  Soft 
Coal  with  Air  Supplied  Above  the  Fuel  Bed  (Over-Draft) 

In  the  left-hand  half,  air  is  supplied  through  a  series  of  holes  from  a  ring 
around  the  top  of  the  fire  pot.  This  supply  is  controlled  by  an  air  inlet  door 
which  should  be  closed  when  the  fire  has  burned  up  brightly.  In  the  right-hand 
half,  vertical  slots  in  the  side  of  the  pot  admit  air  whenever  the  ash-pit  door  or 
damper  is  open. 

is  a  most  important  feature  in  a  heater ;  otherwise  too  frequent  atten- 
tion to  firing  will  be  required.    Soft  coals  which  swell  when  heated, 


♦Fire-box  capacity  is  measured  from  the  grate  vertically  to  the  center  of  the  lire 
door  (Figs.  1,  2,  and  3). 
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and  also  coke  which  is  more  bulky  than  coal,  require  larger  fire  boxes 
to  permit  a  sufficient  amount  of  fuel  to  be  fired  to  last  between  rea- 
sonable firing  periods. 

(8)  Fire  pots  for  soft  coal  in  many  types  of  heaters,  especially 
warm-air  furnaces,  are  slotted  (Fig.  4),  or  have  a  special. air  supply 
ring  (Fig.  4)  at  the  surface  of  the  fire  to  introduce  heated  air,  and 
thus  to  provide  for  more  nearly  complete  combustion  of  the  gases 
which  come  from  such  coal. 

Down  draft,  cast-iron  and  steel  heating  boilers  (Fig.  5)  are  now 
manufactured,  and  are  used  in  large  residences  and  apartment  houses 
for  burning  soft  coal  without  smoke,  or  with  reduced  quantities  of 
smoke.  In  these  boilers  air  is  supplied  from  above  to  the  fuel,  which 
is  burned  on  a  grate  composed  of  hollow  bars  or  tubes  containing 
water.  This  grate  is  so  placed  (Fig.  5),  just  above  an  ordinary 
direct-draft  grate,  that  the  volatile  gases  from  the  freshly  fired  fuel 
on  the  upper  grate  pass  down  over  the  hot  surface  of  the  thinner 
well  coked  fire  which  is  kept  brightly  burning  on  the  lower  grate. 
The  fire  on  this  secondary  or  lower-grate  fire  acts,  in  the  presence  of 
sufficient  air,  to  ignite  and  burn  the  volatile  smoke-producing  gases 
and  sooty  products  which  would  otherwise  pass  through  the  flues  of 
the  boiler  and  up  the  chimney  unburned. 

In  this  way,  not  only  are  the  actual  smoke-forming  products 
consumed  when  the  furnace  is  under  proper  regulation,  but  all  the 
other  burnable  gases  are  completely  consumed  in  the  boiler  itself,  so 
that  more  heat  per  pound  of  fuel  is  made  available  for  heating  the 
building. 

(9)  The  smoke  pipe  must  run  as  straight  as  possible  from 
heater  to  chimney  and  must  have  a  decided  upward  slope  toward  the 
chimney.  It  should  have  a  covering  of  at  least  3-ply  asbestos  paper 
of  which  one  layer  should  be  corrugated.  For  best  results,  this  pipe 
should  not  exceed  10  or  12  feet  in  length. 

(10)  It  is  very  desirable  and  economical  to  have  an  automatic 
damper  regulator  installed  on  the  heater,  and  connected  to  both  Hie 
ash-pit  or  direct-draft  clamper  and  the  check  damper  (Fig.  2)  to 
control  the  draft  so  as  to  burn  the  coal  at  a  rate  which  will  maintain 
uniform  conditions.  In  the  case  of  steam  and  hot-water  systems, 
these  regulators  operate  to  keep  either  the  steam  pressure  (Fig.  2) 
or  the  outgoing  water  temperature  constant.  With  a  warm-air  fur- 
nace system  the  regulator  (Fig.  6)  maintains  a  constant  air  tempera- 
ture in  one  of  the  principal  rooms  of  the  house.    Kegulators  respond- 
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ing  to  temperature  changes  in  a  principal  room  may  also  be  installed 
on  hot-water  and  steam  heaters  if  desired.  This  type  of  regulator  is 
somewhat  more  convenient  than  those  which  govern  the  steam  pressure 
or  the  temperature  of  the  water,  although  it  is  more  expensive  to 
install. 


IK, 


Thermosfar 
operates  motor 
to  open  or  c/ose 
damper. 


ff/ecfric  vv/hes 
ir?  condu/f.y 


/Trsf  Ftoor 


-t^Pu/iey 

I 

Damper  cna/n 


Grate  -shaking  door 


Ashpit  door 


Dasemenr  ffoor 


Fig.  6.     Section  Through  First  Floor  and  Basement  Showing  a  Furnace 

Equipped  with  an  Automatic   Temperature  Control    (Thermostatic) 

System  Connected  to  and  Operating  Ash-Pit  and  Check  Dampers 

A  similar  system  may  be  applied  to  steam  boilers  and  hot-water  heaters,  in 
place  of  the  usual  automatic  damper  regulator  which  is  placed  directly  on  the 
boiler  or  heater. 
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4.  The  Heating  System  as  a  Whole. — The  system  as  a  whole, 
even  though  the  heater  is  satisfactory,  may  prove  uneconomical  unless 
certain  requirements  are  fulfilled. 

(1)  The  chimney  flue  is  probably  the  most  important  single 
item  in  the  heating  system,  exclusive  of  the  heater.  It  should  run 
straight  up  from  the  basement,  without  offsets  (Fig.  7),  to  a  point 
at  least  two  feet  above  the  highest  part  of  the  building  (Fig.  8)  or 
surrounding  objects,  and  must  be  smooth,  of  uniform  cross  section, 
and  absolutely  air  and  gas  tight  (Fig.  9).  The  use  of  a  fire  clay 
flue  lining  (Fig.  10)  throughout  the  length  of  the  chimney  will  help 
greatly  to  accomplish  these  objects ;  it  also  reduces  or  eliminates  the 
risk  of  setting  fire  to  the  building. 

(2)  The  smoke  pipe  must  not  project  into  the  base  of  the 
chimney  (Fig.  11)  so  as  to  obstruct  in  any  way  the  free  area  through 
the  chimney,  and  there  should  be  no  other  openings  into  the  chimney 
except  the  clean-out  door  (Fig.  12)  at  the  bottom.  The  frame  of  this 
door  should  be  tight  (set  in  a  full  bed  of  mortar),  and  the  door  itself 
should  fit  perfectly. 

(3)  All  piping  for  steam  and  hot-water  systems  as  well  as  all 
warm-air  ducts  (known  as  leaders  when  run  in  the  basement,  and  as 
stacks  when  run  in  partitions)  for  furnace  systems,  must  be  thoroughly 
covered  with  suitable  insulating  material.  This  covering  should  also 
include  the  entire  heater  above  the  grate  line.  For  steam  and  water, 
a  one-inch  covering  of  85  per  cent  magnesia  is  generally  used,  and 
for  air  a  3-ply  asbestos  paper  covering  at  least  ^4  incn  and  preferably 
y2  inch  in  thickness  is  desirable,  although  not  usually  provided. 

(4)  For  the  economical  operation  of  warm-air  furnace  systems, 
it  is  necessary  to  provide  for  the  re-circulation  of  practically  all  the 
air  passing  through  the  furnace.  In  other  words,  the  furnace  should 
take  its  air  supply  from  inside  the  house,  usually  from  the  front  hall, 
instead  of  from  out-of-doors.  The  re-circulating  duct  must  be  large 
and  practically  equal  in  size  to  the  combined  area  of  the  warm-air 
leaders  coming  from  the  furnace.  In  most  furnace  systems  the  air 
piping,  especially  the  vertical  runs,  or  stacks,  are  very  much  too 
small,  making  it  practically  impossible  to  heat  the  house  in  severe 
weather. 

(5)  No  system  of  heating  can  be  economical  unless  a  careful 
inspection  of  the  building  is  made,  and  every  precaution  taken  to 
prevent  the  infiltration  or  inleakage  of  cold  air  around  windows  and 
doors,  especially  those  on  the  windward  sides  (usually  the  north  and 
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Morf&r  dropped  f?y  tf?e 
co/f&cfe  nere 
one/  interferes  w/fh 
draff 


TAe  f/ue  shou/cf  he  //ned  a/?d 
ror?  ^sfra/gnt    w/f/?  /70 
Offisefe 

Fig.  7.     Section  Through  Brick  Chimney  Showing  Bad  Effect  of  Offsets  in 

Restricting  Flue  Area  and  in  Forming  a  Shelf  on  Which  Mortar 

Collect  and  Still  Further  Obstruct  the  Draft 

Flue  should  run  straight  and  true  from  basement  to  top  and  should  have  a 

fire-clay  flue  lining  throughout 


•  At  feast  Z'-O"   W/nd 


Doffed  portions  snow 
correct  he/gnfs  of  stocks 


Note:  Wind  he/ps  ti/gf? 

Ch/mnej/s,  but  operates 
fo  retard  ftie  draff  fhrougf) 
fow  ones 


Fig.  8.     The  Chimney  Should  Extend  at  Least  Two  Feet  Above  the  Highest 
Part   of  the  Building  or   Surrounding    Objects 

The  draft  action  in  shorter  chimneys  is  almost  certain  to  be  faulty  or  to  be 
affected  by  the  direction  and  velocity  of  the  wind.  Downward  wind  currents 
will  enter  the  top  of  a  low  chimney  and  interfere  with  draft. 
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west).  Whenever  cold  air  leaks  into  a  house,  an  equivalent  volume  of 
warm  air  leaks  out,  and  the  heating  plant  must  make  up  this  loss  in 
heat.  Double  windows  and  weather  strips  may  be  used  to  advantage, 
returning  a  good  interest  on  their  first  cost  in  the  saving  of  coal. 
Air  inleakage  (infiltration)  due  to  wind  in  moderately  cold  weather 
is  generally  more  serious  in  increasing  the  demands  on  the  heating 
system  than  much  lower  temperatures  without  wind. 

(6)     In  frame  buildings  the  outside  walls  must  not  only  be  air 
tight,  but  the  air  spaces  between  the  studs  must  be  completely  closed 


Common  Cause  of 

f/re$   should  never 

be  allowed 


Draft  restrict- 
edhere 


Chimney  wot/ 

shout/ be  i/ned 

wfh  fireclay 

Carried 'at '  /east 

two  feet  below 

smoAe  inlet 


r/oorbeam 


Connection 


Fig.  12. 


C/eon-ouf  cfoor 
x^a/r  tiqht) 


A  Clean-Out  Door,  Set  in  Mortar  and  Carefully  Fitted,  Should 
Be  Installed  at  the  Base  of  the  Chimney 


Floor  beams  should  not  be  allowed  to  project  into  the  flue;   their  presence 
restricts  the  draft  and  increases  the  risk  of  fire. 

off  at  the  basement  and  at  the  attic  so  that  air  currents  cannot  pass 
up  through  these  spaces.  In  fact,  if  there  is  any  circulation  of  air 
in  these  wall  spaces,  the  heat  loss  through  the  walls  will  be  very 
materially  increased,  and  the  house  will  prove  difficult  to  heat. 
Although  the  popular  impression  is  to  the  contrary,  an  air  space 
possesses  little  insulating  value  unless  it  is  "dead,"  and  no  air  move- 
ment whatever  takes  place  in  it,  a  condition  which  can  be  approxi- 
mated only  when  the  volume  of  the  space  is  very  small. 


5.  Auxiliary  Equipment  for  Increasing  the  Economy  and  Con- 
venience of  the  House  Heating  Plant. —  (1)  It  is  usually  possible  to 
insert  a  pipe  coil  (Fig.  13)  or  water  back  into  the  combustion  chamber 
of  the  average  heater,  and  thus  to  heat  the  water  required  by  the 
plumbing  service  from  the  fire  which  warms  the  house.    Extra  heat- 
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ing  capacity  in  the  house  heater  will  be  necessary  to  do  this  as  the 
coil  not  only  absorbs  heat  which  would  otherwise  be  available  for 
heating  the  house,  but  actually  obstructs  or  reduces  the  volume  of  the 
fire  box,  thus  decreasing  the  capacity  of  the  fire  box  and  combustion 
chamber.  Moreover,  unless  the  coil  is  carefully  proportioned  to  meet 
the  water-heating  requirements,  it  may  seriously  overheat  the  domes- 
tic water  supply  and  damage  the  plumbing  system.  The  householder 
should  be  warned  that  these  coils  may  prove  troublesome  and  that  they 
cannot  be  used  successfully  in  all  plants. 


CoJc/wa 
fer  /nlef 


Fig.  13. 


raucet 


View  Looking  into  Fire  Door  of  Boiler  or  Furnace  Showing  Method 
of  Installing  a  Hot  Water  Coil  for  Supplying  Hot 
Water  for  Household  Use 


Note — It  is  very  difficult  to  proportion  this  coil  so  that  the  hot  water  supply  will 
not  be  overheated  when  the  fire  is  being  forced  in  very  cold  weather. 


(2)  An  automatic  thermostat  (Fig.  6)  for  opening  and  closing 
drafts  at  specified  hours,  and  for  maintaining  a  constant  temperature 
in  some  principal  room  will  prove  of  great  convenience.  If  properly 
set,  it  will  reduce  the  fuel  consumption  by  preventing  wide  fluctua- 
tions in  the  house  temperature,  which  invariably  result  in  waste  of 
fuel.  In  the  case  of  steam  and  hot  water  this  equipment  may  take 
the  place  of  the  damper  regulator  previously  referred  to  in  this  cir- 
cular as  essential  to  a  satisfactory  plant. 

(3)  The  desirability  of  maintaining  a  reasonable  amount  of 
moisture   (water  vapor)   in  the  atmosphere  of  the  average  home  is 
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generally  recognized  by  all  heating  and  ventilating  engineers  as 
essential  to  healthfulness,,  protection  of  woodwork,  and  economy  in 
the  use  of  fuel.  Air  that  is  not  "humidified"  by  having  water  vapor 
added  to  it  at  the  same  time  that  it  is  heated  becomes  "dry,"  and 
will  cause  moisture  to  be  evaporated  from  furniture,  plants,  and 
persons  with  more  or  less  disastrous  effects  in  the  two  former  cases, 
and  with  the  disagreeable  effects  of  chilliness  and  an  unduly  dry  skin 
in  the  latter  case.  The  room  temperature  will,  therefore,  have  to  be 
raised  in  order  to  make  the  occupants  comfortable  in  a  dry  atmosphere. 
This  means  of  course  a  waste  of  heat. 

In  the  case  of  furnace  or  warm-air  heating  plants,  an  evaporating 
tank  or  pan  may  be  placed  above  the  dome  and  just  beneath  the 
bonnet  of  the  furnace  (Fig.  3)  where  it  will  receive  heat  enough  to 
evaporate  sufficient  water  effectively  to  humidify  the  air  going  to  the 
rooms.  An  automatic  ball  cock  or  feed  valve  should  be  arranged  in 
an  external  float  tank  to  keep  the  evaporating  pan  constantly  sup- 
plied with  water.  A  hand  control  valve  is  needed  on  the  line  supply- 
ing the  evaporator,  and  an  overflow  should  be  run  from  the  float  tank. 
In  very  cold  weather,  with  the  furnace  running  at  full  capacity,  the 
hand  control  valve  must  be  partially  closed  at  times;  otherwise  too 
much  water  vapor  will  be  sent  into  the  house  and  the  windows  will 
become  covered  with  frost.  The  average  water  pan  placed  near  the 
bottom  of  the  jacket  of  warm-air  furnaces  is  ineffective  as  a  means 
of  humidifying  the  air  in  a  house. 

With  steam  and  hot-water  heating  plants  a  satisfactory  humidify- 
ing system  is  a  more  expensive  item  than  in  warm-air  furnace  heating. 
Water  pans  on  radiators  are  not  generally  capable  of  supplying 
sufficient  vapor  to  be  of  any  real  value.  This  deficiency  is  especially 
true  in  the  case  of  hot-water  systems,  in  which  the  radiator  tempera- 
tures are  lower  than  in  a  steam  system.  With  a  steam  plant  special 
valves  or  cocks  may  be  connected  into  the  steam  pipes  or  radiators 
and  may  be  used  to  "bleed"  or  supply  steam  direct  from  the  system 
to  the  air  of  the  room.  This  can  be  accomplished  quietly,  and  if  the 
valves  are  regulated  in  accordance  with  fluctuations  in  the  outside 
temperature  so  as  not  to  admit  an  excess  of  vapor,  frosting  of  the 
windows  can  be  prevented  and  a  proper  air  condition  maintained. 

There  is  no  simple  and  effective  way  of  humidifying  the  air  with 
a  hot-water  system.  Recourse  may  be  had  to  a  large  pan  of  water 
kept  simmering  on  the  kitchen  stove  with  doors  between  rooms  left 
open  as  a  partial  solution  of  the  problem. 
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III.     Characteristics  of  Fuels  Available  for  Household  Use 

6.  Varieties  of  Fuels. — The  varieties  of  solid  fuels  which  are 
available  for  the  residents  of  Illinois  are : 

(1)  Anthracite,  or  true  hard  coal. 

(2)  Coke. 

(3)  Eastern  bituminous  and  semi-bituminous,  or  soft 
coals,  from  the  Pennsylvania,  West  Virginia,  and  eastern 
Kentucky  fields. 

(4)  Central  bituminous  coals  as  represented  by  those 
from  Illinois,  western  Kentucky,  and  Indiana. 

All  of  these  fuels  are  composed  of  the  following  materials  in 
varying  proportions : 

(1)  Solid  or  fixed  carbon  which  burns  with  a  glow  and 
without  flame. 

(2)  Gases  or  volatile  matter  which  escape  from  the  coal 
when  it  is  heated  and  which  burn  with  a  flame. 

(3)  Gases  or  volatile  matter  and  water  which  escape 
from  the  coal  when  it  is  heated  and  which  do  not  burn. 

(4)  Ash  or  mineral  matter  which  will  not  burn  and 
which  remains  as  ashes  after  the  coal  is  burned. 

In  general,  the  relative  proportions  of  these  materials  in  a  coal 
affect  its  appearance  as  well  as  its  value  for  a  particular  purpose. 
Most  fuels  having  a  large  amount  of  fixed  carbon  are  hard,  firm,  and 
nearly  dustless.  They  burn  with  a  very  short  flame ;  the  whole  process 
of  combustion  takes  place  at  or  near  the  surface  of  the  fuel  bed. 
Such  fuels  can  be  burned  without  developing  visible  smoke.  On  the 
other  hand,  coals  possessing  a  greater  amount  of  volatile  matter  and 
a  relatively  lower  amount  of  carbon  burn  with  a  longer  flame  owing 
to  the  fact  that  the  volume  of  combustible  gases  distilled  from  them 
is  greater,  and  the  combustion  of  these  requires  an  appreciable  period 
of  time.  Owing  to  the  difficulty  of  completely  burning  the  greater 
amount  of  gas  as  it  escapes  from  this  coal,  the  amount  of  visible 
smoke,  which  indicates  unburned  gas,  usually  increases. 

Non-combustible  gases  and  water,  which  are  present  in  the  coal 
in  such  form  that  it  is  impossible  to  detect  them  except  by  analysis, 
escape  unnoticed  up  the  flue.  They  represent  a  proportion  of  the 
weight  of  the  fuel  for  which  no  value  is  received  in  heat.    It  is  to  be 
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noted  that  the  appearance  of  a  coal  does  not  serve  as  an  indication  of 
the  percentage  of  moisture  it  contains ;  even  a  coal  with  a  moisture 
content  as  high  as  15  per  cent  does  not  appear  or  feel  damp. 

Ash  or  mineral  matter  occurs  in  different  proportions  in  different 
coals.  It  possesses  no  heating  value  whatever.  If  present  in  excessive 
amounts  it  may  lower  the  value  of  the  coal  greatly,  for  not  only  does 
it  represent  weight  for  which  no  value  is  received,  but  its  presence 
may  tend  to  hinder  the  free  burning  of  the  combustible  components 
of  the  fuel.  It  should  be  noted  that  a  coal  containing,  say,  5  per  cent 
of  ash  by  analysis  will  yield  more  than  this  percentage  of  ashes, 
because  some  unburned  coal  falls  through  the  grate  or  is  carried 
down  with  the  clinkers.  It  should  be  clearly  understood  that  ash 
will  not  burn  and  that  no  treatment  with  chemicals,  "secret  processes," 
or  "inventions"  will  cause  it  to  burn. 

Some  varieties  of  coal  are  low  in  ash  and  hence  have,  become 
favorites  for  domestic  use  where  the  dirt  and  dust  incident  to  fre- 
quent cleaning  of  the  ash  pit  are  more  or  less  objectionable.  It  is 
possible,  however,  for  any  variety  of  coal  to  be  delivered  to  the  con- 
sumer with  a  high  percentage  of  ash,  for  if  care  is  not  taken  in 
mining  the  coal  underground,  pieces  of  slate,  shale,  rock,  or  clay  from 
above  or  below  the  coal  bed  may  be  mixed  with  the  coal,  thus  increasing 
the  ash  content. 

7.  Anthracite. — Anthracite  comes  from  a  small  region  in  the 
northeastern  part  of  Pennsylvania.  It  is  composed  largely  of 
fixed  carbon,  and  burns,  therefore,  with  a  short  flame  and  with  no 
visible  smoke.  "While  it  does  not  kindle  easily  it  burns  slowly  and 
uniformly  with  great  heat.  It  is  hard  and  dense,  and  withstands 
shipment  and  storage  with  little  breakage  or  dusting.  On  account  of 
these  properties  it  is  a  great  favorite  for  domestic  use  even  at  a 
relatively  higher  price  per  ton  than  is  paid  for  other  fuels.  Anthra- 
cite is  so  dense  and  hard  that  air  does  not  penetrate  it  and  therefore 
it  burns  only  on  the  surface  of  the  lumps.  For  this  reason  it  should 
be  used  in  fairly  uniform  sizes  so  that  air  may  have  the  freest  possible 
access  to  it  while  burning.  Anthracite  contains  from  75  to  85  per 
cent  of  solid  carbon,  from  3  to  6  per  cent  of  combustible  gases,  from 
1  to  3  per  cent  of  water,  and  from  7  to  15  per  cent  of  ash. 

8.  Coke.— Coke,  as  it  comes  into  the  domestic  market,  is  ob- 
tained  from   by-product   coke   ovens   and   gas-house   retorts.      It   is 
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manufactured  by  heating  bituminous  or  soft  coal  in  chambers  or 
retorts  into  which  air  is  not  permitted  to  enter.  In  this  way  most  of 
the  volatile  matter  is  driven  off  and  used  as  gas  fuel  while  the  solid 
carbon  of  the  coal  remains  as  coke.  Owing  to  the  increasing  difficul- 
ties of  getting  anthracite  in  Illinois,  many  householders  are  turning 
to  coke  for  their  heater  fuel.  It  is  relatively  smokeless  and  clean,  and 
requires  little  attention.  Its  ash  content  is  about  equal  to  that  of 
anthracite,  and  the  content  of  water  and  volatile  matter  is  small. 
Coke  is  more  difficult  to  ignite  than  anthracite,  but  when  once  started 
it  burns  fairly  freely,  although  it  will  be  necessary  for  the  house- 
holder to  acquire  a  little  experience  in  the  proper  operation  of  drafts 
when  using  this  fuel. 

9.  Eastern  Bituminous  Coals. — The  eastern  bituminous  coals 
are  higher  in  volatile  matter  and  lower  in  fixed  carbon  and  ash  than 
anthracite.  They  contain  from  5  to  10  per  cent  of  ash,  from  15  to  20 
per  cent  of  combustible  gases,  from  2  to  5  per  cent  of  water  and 
non-combustible  gases,  and  from  65  to  75  per  cent  of  solid  carbon. 
When  fired  they  swell,  become  pasty,  and  fuse  into  a  mass  of  more  or 
less  porous  coke.  This  coke  will  then  burn  without  flame  and  will 
hold  a  fire  for  a  considerable  period.  This  fusing  or  coking  takes  place 
without  respect  to  the  sizes  of  the  pieces  of  coal. 

Eastern  bituminous  coals  are  much  more  friable  than  anthracite 
and  usually  more  so  than  coals  of  the  Illinois  type.  Repeated  handling 
in  transportation,  therefore,  results  in  the  formation  of  a  very  large 
amount  of  fine  material,  or  slack,  which  tends  to  detract  from  the 
desirability  of  these  coals  for  use  in  the  home. 

10.  Coals  of  Illinois,  Indiana,  and  Western  Kentucky — 

(a)  General  Characteristics. — The  bituminous  coals  of  the 
central  field  (Illinois  type)  contain  from  40  to  55  per  cent  of  solid 
carbon,  from  10  to  25  per  cent  of  combustible  gas,  from  5  to  15  per 
cent  of  non-combustible  gas,  from  8  to  15  per  cent  of  water,  and  from 
8  to  15  per  cent  of  ash.  Since  these  coals  have  a  high  content  of 
volatile  matter  they  burn  with  a  long  flame,  and  unless  carefully  fired 
produce  much  visible  smoke  in  ordinary  house  heaters.  In  many  cases 
it  is  probably  true  that  not  more  than  one-half  of  the  combustible 
gases  is  actually  consumed.  The  remaining  one-half  of  these  gases 
passes  up  the  chimney  carrying  soot  and  unburned  carbon  which  is 
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deposited  on  the  sides  of  the  flue ;  and  when  the  heater  is  afterwards 
forced,  this  deposit  sometimes  becomes  ignited,  loosened,  and  carried 
on  through  the  chimney.    This  is  the  usual  cause  of  roof  fires. 

Coals  of  the  Illinois  type  ignite  easily,  and  burn  freely  and 
quickly.  In  fact,  the  gases  of  these  coals  are  often  freed  so  quickly 
that  they  do  not  have  a  chance  to  burn  in  the  heater,  and  their  heating 
value  is  lost  by  their  being  carried  on  through  the  chimney  into  the 
atmosphere.  Since  the  amount  ot  solid  carbon  in  Illinois  coal  is 
relatively  low,  its  efficiency  is  less  than  that  of  anthracite,  coke,  or 
eastern  bituminous  coals.  Usually,  however,  the  cost  of  Illinois  coal 
is  so  much  less  than  that  of  the  other  fuels  mentioned  that  it  is  less 
expensive  to  residents  of  Illinois,  if  considered  solely  on  the  basis 
of  the  amount  of  heat  to  be  obtained  for  a  given  expenditure  of  money. 

(b)  Varieties  of  Illinois  Coals. — The  different  Illinois  coals  vary 
greatly  as  to  their  heating  qualities,  convenience  in  handling,  and 
price  to  the  consumer.  Such  variation  supplies  a  considerable  range 
for  the  exercise  of  personal  choice  on  the  part  of  the  purchaser.  Un- 
fortunately the  domestic  consumer,  while  possibly  able  to  distinguish 
Pocahontas  coal  from  coal  of  the  Illinois  type,  finds  that  there  are 
apparently  no  distinguishing  characteristics  whereby  varieties  of 
Illinois  coal  may  be  identified.  Accordingly  he  is  at  the  mercy  of  his 
dealer,  and  although  he  may  be  aware  of  the  available  varieties,  he  is 
not  able  without  costly  analyses  to  determine  whether  the  coal  deliv- 
ered to  his  bin  was  actually  mined  in  the  district  from  which  he  de- 
sired to  obtain  his  supply.  He  must  rely  therefore  upon  the  integrity 
and  business  reputation  of  his  local  dealer. 

The  problem  of  selecting  Illinois  coal  for  domestic  use  is  further 
complicated  by  the  variation  in  the  degree  of  care  exercised  in  pre- 
paring it  for  the  market.  Excellent  "preparation"  of  a  poor  coal 
may  make  it  more  economical  and  satisfactory  to  the  consumer  than 
careless  and  ineffective  preparation  of  a  better  coal.*  Care  in  prep- 
aration is  therefore  a  factor  greatly  affecting  the  value  of  coal  to  the 
consumer. 

If  the  householder  is  reasonably  certain  of  obtaining  the  coal 
ordered  and  understands  the  value  of  preparation  at  the  mine,  a 
knowledge  of  the  different  varieties  of  coal  available,  and  of  the  dis- 
tribution and  location  of  each,  will  be  useful  in  helping  him  to  make 
his  choice  of  fuel. 


"■"Preparation"  is  considered  at  greater  length  elsewhere  in  this  circular  (page  33). 
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(c)  Properties  of  Various  Illinois  Coals. — The  degree  of  varia- 
tion in  the  different  coals  is  determined  by  chemical  analysis,  and  by 
tests  which  yield  a  measure  of  the  heating  quality.  In  such  analyses 
and  tests,  samples  collected  under  uniform  conditions  in  the  mine 
are  used.     The  analyses  disclose  three  properties  of  interest  to  the 

Table  1 
Analyses  of  Coals  of  Illinois,  Indiana,  and  Western  Kentucky 
(Figures  are  for  coal  "as  received")  * 


District 


Coal 
Bed 


Moisture 


Volatile 
Matter 


Fixed 
Carbon 


Ash 


B.  t.  u. 

(Heating 

Value) 


Illinois  (Average  Analyses) 


La  Salle 

Murphysboro 

Rock  Island  and  Met cer  Counties  . 

Springfield-Peoria 

Saline  County 

Franklin  and  Williamson  Counties 

Southwestern  Illinois 

Danville:  Grape  Creek  coal 

Danville:  Danville  coal 


16.18 

9.28 

13.46 

15.10 

6.75 

9.21 

12.56 

14.45 

12.99 


38.83 
33.98 
38.16 
36.79 
35 .  49 
34.00 
38.05 
35.88 
38.29 


37.89 
51.02 
39.75 
37.59 
48.72 
48.08 
39.06 
40.33 
38.75 


7.08 
5.72 
8.63 

10.53 
9.04 
8.71 

10.33 
9.34 
9.98 


10,981 
12,488 
11,036 
10,514 
12,276 
11,825 
10,847 
10,919 
11,143 


Indiana  (Typical  Analyses) 


Clay  County 

Greene  County . . 
Greene  County . . 
Sullivan  County . 
Sullivan  County . 
Sullivan  County. 


(Brazil) 
(block  J 

IV 

V 

IV 

V 

VI 


15.38 

13.53 
10.30 
12.15 
12.14 
14.86 


32.66 

33.54 
36.31 
33.48 
35.17 
31.65 


46.08 

45.38 
41.64 
46.23 
43.73 
46.14 


5.88 

7.55 
11.75 
8.14 
8.96 
7.35 


11,680 

11,738 
11,218 
11,722 
11,516 
11,324 


Kentucky  (Average  of  Composite  Samples) 


9 
11 

12 


8.17 
7.33 
9.67 


36.82 
38.28 
34.86 


45.17 
45.28 
46.46 


9.83 
9.11 
9.01 


11,867 
12,056 
11,695 


!"As  received"  samples  represent  the  coal  as  taken  from  the  mine.     It  is  probable  that  the  values 
given  are  fairly  representative  of  the  coals  as  purchased  from  local  dealers. 

householder,  namely,  (1)  the  amount  of  ash,  (2)  the  amount  of  vol- 
atile matter,  which  is  the  material  that  produces  smoke  and  soot,  and 
(3)  the  amount  of  water.  The  test  for  the  heating  quality  of  coal 
consists  in  determining  the  B.  t.  u.*  value. 


*B.  t.  u.  is  a  term  made  use  of  by  engineers  to  express  a  certain  amount  of  heat.  It 
is  an  abbreviation  of  British  thermal  unit.  One  B.  t.  u.  is  the  amount  of  heat  required 
to  raise  the  temperature  of  one  pound  of  water  one  degree  Fahrenheit.  If  a  coal  has  a 
heating  value  of  14,000  B.  t.  u.,  there  is  sufficient  heat  in  one  pound  of  it  to  raise  14,000 
pounds  of  water  one  degree  Fahrenheit. 
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The  analyses  presented  in  Table  1*  show  the  character  of  the 
various  coals  mined  in  Illinois,  Indiana,  and  western  Kentucky.  The 
average  character  of  the  important  Illinois  coals  has  been  determined 
with  care.  The  averages  shown  for  Kentucky  coals  were  obtained  by 
averaging  analyses  of  composite  samples  from  several  mines.  Cor- 
responding average  analyses  are  not  available  for  Indiana,  and  in 
their  place  typical  analyses  are  given  showing  the  quality  of  four 
important  coals  from  mines  in  Clay,  Greene,  and  Sullivan  Counties. 

A  study  of  the  values  presented  in  Table  1  shows  the  following : 

(1)  That  the  amount  of  ash  in  the  various  coals  as 
they  exist  in  the  mine  varies  only  about  6  per  cent.  With 
inadequate  preparation  of  the  coal  for  the  market,  how- 
ever, the  difference  may  be  as  much  as  12  or  15  per  cent ; 

(2)  That  there  is  a  difference  of  only  about  5  per  cent 
in  the  percentage  of  volatile  matter,  a  variation  that  is 
negligible  in  view  of  the  greater  variations  in  B.  t.  u.  (heating 
value )  and  ash ; 

(3)  That  the  variation  in  the  amount  of  water  present 
in  the  different  coals  is  considerable,  but  this  variation  is 
reflected  in  the  B.  t.  u.  value ;  that  is,  coals  having  a  high 
moisture  content  have  a  low  B.  t.  u.  value,  whereas  those 
which  have  a  low  moisture  content  have  a  high  B.  t.  u.  value. 
Accordingly,  if  the  B.  t.  u.  value  of  a  coal  is  known,  the  mois- 
ture percentage  is  not  important.  This  is  also  true  as  regards 
ash,  with  the  difference  that  the  ash  represents  a  residue  to 
be  handled  by  the  householder,  and  it  contributes  to  his  con- 
venience to  have  as  little  as  possible  present  in  the  coal. 

"With  regard  to  the  B.  t.  u.  values,  the  table  shows  that  there 
are  important  and  distinguishable  differences  in  the  heating  quality 
of  the  different  coals  found  in  the  three  states,  yet  the  amount  of 
difference  is  not  sufficient  to  justify  extravagant  statements  in  praise 
of  certain  coals  or  in  disparagement  of  others.  On  the  heat  basis 
alone,  the  difference  between  the  value  of  the  poorest  and  that  of  the 
best  coals,  as  they  are  found  in  the  mine,  amounts  to  about  one-fifth 


♦Comprehensive  tables  covering  the  analytical  values  for  Illinois  coals  are  contained 
in  Bulletin  29  of  the  State  Geological  Survey,  Urbana,  111.,  entitled  "Purchase  and  Sale 
of  Illinois  Coal  under  Specifications"  by  S.  W.  Parr,  and  in  Bulletin  3  of  the  Illinois 
Coal  Mining  Investigations,  Urbana,  111.,  entitled  "Chemical  Study  of  Illinois  Coals"  by 
S.  W.  Parr. 


Coal  Fields  of  Illinois.IndianaA.  ? 

and  Western  Kentucky  x-V^ 

\\  .  t  £ 

Districts  for  Classification  of        AS  \v 

Coals  in  Illinois  w-  ■.' -\ 

1.  Longwall   district:    No.   2    coal  ™ 

("Third  Vein") 

2.  Jackson  County  district:  No.  2  v. 

coal  ("Murphysboro"  coal)        9  ^ 

3.  Rock  Island  and  Mercer  coun-  "J  *%S@Jj}M^! 

ties:   No.  1  coal  ftCfoSi  J?  >.  aft  R*fiS3* 

4.  Peoria-Springfield  district:  No.  5  coal  ("Central  Illinois"  coal)  'f^V   "     .  jX ' ''  ' 

5.  Saline  and  Gallatin  counties:  No.  5  coal  ("Harrisburg  '  coal)  .•-'■■****»*: — a»-      1... 

6.  Franklin,  Williamson,  and  Jefferson  counties:   No.  6  coal  (.'Franklin- Williamson"  coal) 

7.  Southwestern  Illinois:  No.  6  coal 

S.    Danville  district:  No.  6  and  No.  7  coal  ("Grape  Creek"  and  "Danville"  coals) 
(Note:   The  districts  as  indicated  in  this  list  were  arranged  for  convenience  of  classification tXSON  ; 

of  the  coals  by  the  Illinois  Coal  Mining  Investigations;   they  do  not  correspond   to   the|ji 
Mine  Inspectors'  districts  nor  to  the  trade  subdivisions.) 


WXv 


Fig.  14.     Ma?  Showing  the  Locations  of  the  Coal  Fields  of  Illinois, 
Indiana,  and  Western  Kentucky 
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the  value  of  the  poorest  coal;  that  is,  if  the  poorest  coal  costs  $2.00 
per  ton,  the  best  coal  is  worth  only  about  $2.40.  The  actual  difference 
in  value,  everything  considered,  is  somewhat  greater,  possibly  as  much 
as  25  cents  per  ton  greater,  because  of  the  greater  amount  of  ash  in 
the  poorer  coals. 

It  is  to  be  noted  that,  aside  from  those  properties  which  may  be 
disclosed  by  chemical  analysis,  coals  possess  certain  other  character- 
istics which  may  have  a  bearing  upon  their  value  as  a  fuel  for  use  in  a 
house  heater.  For  example,  two  coals  of  the  same  heat  value  may 
behave  very  differently  in  the  average  house  heater.  One  may  "hold 
fire ' '  and  burn  slowly,  thus  proving  more  satisfactory  under  unfavor- 
able conditions;  the  other  may  burn  freely  and  exhaust  itself  in  a 
short  period  with  a  corresponding  loss  in  efficiency.  Generally,  the 
coals  which  are  dense  and  which  possess  the  higher  percentages  of 
solid  carbon  burn  in  a  more  satisfactory  manner  than  coals  which  are 
light  and  friable. 

(d)  Location  of  Fields. — The  various  coals  of  which  analyses 
are  given  are  from  the  most  widespread  and  also  the  most  important 
beds  commercially  of  Illinois,  Indiana,  and  western  Kentucky.  It  will 
be  observed  that  variations  are  as  great  between  coals  that  come  from 
the  same  bed  as  between  coals  that  come  from  different  beds.  That 
is,  the  No.  6  coal  of  Franklin  County  differs  nearly  as  much  from 
the  No.  6  coal  of  southwestern  Illinois  as  it  does  from  the  No.  5  coal 
of  Saline  County.  It  is  true,  however,  that  for  large  areas  the  char- 
acteristics of  each  bed  remain  remarkably  constant,  and  that  varia- 
tions in  character  are  regional  rather  than  local.  For  this  reason  it 
is  possible  to  subdivide  the  large  coal  fields  of  the  three  states  into 
districts  as  shown  on  the  accompanying  map  (Fig.  14).  The  sub- 
divisions of  the  Illinois  field  as  shown  on  this  map  were  arranged  by 
the  "Illinois  Coal  Mining  Investigations"  for  convenience  in  classify- 
ing the  coals.  The  subdivisions  do  not  correspond  to  the  Mine  In- 
spectors' Districts  nor  to  the  trade  subdivisions.  The  Indiana  field 
is  subdivided  into  two  districts,  the  Block  Coal*  district  and  the 
Bituminous  coal  district.  Table  2  shows  the  names  of  the  various 
districts,  the  geologic  number  of  the  coal  or  coals  mined,  and  the 
regional  name  by  which  the  coal  is  commonly  designated  in  the  trade. 

(e)  Storage  of  Illinois  Coals. — It  is  well  known  that  many  bi- 
tuminous coals  when  stored  in  piles  for  any  considerable  period  may 


♦The  Indiana  block  coal  is  a  very  pure,  dry,  non-coking  coal  which  derives  its  name 
from  the  fact  that  it  breaks  into  almost  perfect  rectangular  blocks. 
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Table  2 
Coal  Districts  of  Illinois,  Indiana,  and  Western  Kentucky 


Coal  Mined 

Districts 

Geologic  Number 
or  Name 

Trade  Name  or  Name  by  Which  It 
Is  Known  in  the  Market 

Illinois 

1.  Longwall  District 

No. 

No. 
No. 
No. 

No. 
No. 
No. 

No. 
No. 

2  or  "Third  Vein" 

2 

1 

5 

5 
6 

6 

6  "Grape  Creek" 
7 

"La  Salle,"   "Wilmington" 

2.  Jackson  County 

' '  M  urphy  sboro ' ' 

"Peoria,"  "Fulton  County,"  'Snriner- 

3.  Rock  Island  and  Mercer  Counties 

4.  Peoria-Springfield 

5.  Saline-Gallatin  Counties 

6.  Franklin,  Williamson,  and  Jeffer- 

son Counties 

field"   ("Central  Illinois") 
"Harrisburg,"   "Ledford,"    ' 
"Eldorado" 

"Franklin-Williamson," 
"Carterville,"  "Herrin," 
etc. 

"Belleville,"  "Standard," 
"Mt. Olive,"  "Staunton," 
and  "Montgomery" 
Counties 

7.  Southwestern  Illinois 

.  So.  111. 

8.  Danville  District 

"Danville" 

Indiana 

Block  Coal  Field 

Brazil  Block  coals,  Min- 
shall  coal,  No. Ill  and 
No.  IV  coals 

No.  IV,  No.V,  No.  VI, 
and  No.  VII  coals  .  .  . 

"Brazil " 

Bituminous  Field 

"Clinton,"    "Sullivan,"    "Greene," 

'Vigo,"   "Knox"  Counties 

Kentucky 

, 

No. 
Ba 

9,  11,  and  12    (or 
ker)  Coals 

"Western  Kentucky" 

ignite  spontaneously  (spontaneous  combustion),  and  many  persons 
wonder  whether  it  is  safe  to  store  Illinois  coal  in  their  cellars  during 
the  summer  months.  It'  may  be  stated  that  there  is  no  danger  in 
storing  any  Illinois  coal  in  cellars  if  the  following  rules  are  observed : 

(a)  Store  sized  coal  only,  preferably  the  larger  sizes 
from  which  all  the  fine  material  has  been  removed,  and  avoid 
breakage  as  much  as  possible  when  putting  into  the  bin. 

(&)  Store  the  coal  only  in  bins  that  have  no  outside 
sources  of  heat,  as  might  be  furnished  by  steam  pipes,  flues 
from  laundry  stoves,  or  long  exposure  to  the  sun. 

(c)  The  coal  should  be  kept  dry.  Avoid  especially 
alternate  wetting  and  drying. 

A  popular  error  in  connection  with  the  storage  of  coal  is  the 
belief  that  coals  containing  pyrite  or  sulphur,  the  bright  brassy  mineral 
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easily  observed  in  many  Illinois  coals,  cannot  be  stored  because  of  the 
supposed  tendency  of  this  sulphur  to  ignite  spontaneously.  As  a. 
matter  of  fact,  the  amount  of  sulphur  as  well  as  the  general  appear- 
ance of  a  coal  are  of  little  consequence  in  so  far  as  they  affect  its  suit- 
ability for  storing.  Spontaneous  firing  of  a  pile  of  coal  is  generally 
caused  by  the  absorption  of  air  by  the  fresh  surface  of  the  coal.  This 
process  generates  heat,  and,  if  confined,  this  heat  may  become  sufficient 
to  cause  the  coal  to  ignite.  Thus  the  finer  the  coal  the  greater  is  the 
total  area  of  the  surfaces  by  which  air  may  be  absorbed  and  the  greater 
also  is  its  tendency  to  pack  so  that  the  heat  formed  cannot  escape. 
Eastern  as  well  as  Illinois  bituminous  coals  may  ignite  if  not  properly 
stored. 

11.  Disposition  of  Components  of  Different  Coals  when  Burned 
in  House  Heaters. — Primarily  the  householder  is  interested  in  know- 
ing how  much  usable  heat  value  he  is  to  receive  in  return  for  the 
money  he  expends  for  fuel.  Questions  of  ash,  and  moisture,  while  im- 
portant, are  after  all  incidental  when  compared  with  the  question  of 
actual  heat  value.  The  effectiveness  of  the  same  coal  in  diffrent  heat- 
ers and  under  different  draft  and  firing  conditions  is  so  variable  that 
it  is  impossible  to  forecast  definitely  what  the  actual  value  of  a  coal 
will  be. 

12.  Preparation,  a  Factor  Affecting  the  Value  of  Coal. — Coal 
occurs  in  the  earth  in  beds  or  seams,  and  usually  in  a  solid  mass  as  a 
rock.  In  mining  it  is  blasted  with  powder,  shoveled  into  cars,  and 
conveyed  to  the  surface.  In  the  process  of  mining  and  handling  it  be- 
comes broken  up  into  pieces  of  all  sizes.  It  may  have  some  rock  or 
dirt  from  the  floor  and  roof  of  the  mine  mixed  with  it  or  there  may  be 
bands  or  layers  of  earthy  matter  in  the  coal  seam  itself.  Coal  as  it 
comes  from  the  mine  is  therefore  not  usually  in  condition  for  direct 
delivery  to  the  consumer,  but  should  first  be  " prepared' '  in  order 
to  remove  these  impurities  and  to  separate  it  into  the  proper  sizes 
for  various  markets.  The  impurities  are  removed,  in  the  large  sizes 
of  coal  by  picking  them  out  by  hand,  and  in  the  smaller  sizes  by 
treating  the  coal  in  cleaning  machinery.  Separation  into  different 
sizes  is  accomplished  by  sending  the  coal  over  screens  having  holes 
of  the  proper  size. 
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Table  3  gives  the  names  and  corresponding  sizes  for  the  various 
fuels,  except  for  eastern  bituminous  coals.* 

The  sizing  of  bituminous  coal  intended  for  household  use  has 
been  made  necessary  largely  because,  until  recently,  most  house  heat- 
ers have  been  designed  to  burn  anthracite,  and  require,  for  best  re- 
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Table  3 
of  the  Different  Solid 


Fuels 


Anthracite 

Coke 

Illinois  Coal 

Name 

Size  of  Pieces 

Name 

Size  of  Pieces 

Name 

Size  of  Pieces 

Broken 

3Mn-4^n 

Foundry 

Over  3" 

Run  of  Mine 

Mixture  of  all  sizes 

Lump 

Large   lumps   separ- 
ated from  the  finer 
sizes 

Egg 

2TV-3Mn 

Egg 

2n-3" 

Egg  or 
Furnace 

Lumps  3n-6" 

Stove 

W-2A" 

Stove 

W-2" 

Xo.  1  Nut  or 
Small  Egg 

2n-3" 

Chestnut 

H'-W 

Chestnut 

%*-lW 

No.  2  Xut  or 
Stove 

lMn-2" 

Pea 

V%*-W 

Pea 

Hn-Hn 

No.  3  Nut  or 

Chestnut 

Mn-lJ€n 

No.  1 
Buckwheat 

rVn-^n 

Breeze 

Under  Kn 

No.  4  Nut  or 

Pea  or 

Buckwheat 

M"-%" 

No.  5  Nut 

Under  Hn 

Screenings 

A  mixture  of  all 
sizes  under  2" 

suits,  fuel  in  pieces  of  uniform  size.  When  bituminous  coal  first  was 
sold  in  competition  with  anthracite  as  a  domestic  fuel,  it  became 
customary  to  prepare  it  so  that  it  might  resemble  anthracite  as  much 
as  possible. 

The  eastern  bituminous  coals  when  put  into  the  heater  swell  and 


♦Eastern  bituminous  coals  are  often  shipped  to  the  coal  dealers  without  careful 
preparation  or  in  the  form  which  is  known  as  "run  of  mine."  Such  coal,  of  course, 
contains  all  the  impurities,  just  as  it  comes  from  the  mines,  and  is  an  admixture  of 
pieces  ot  all  sizes   ranging  from  fine  slack  to  large  lumps. 
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fuse  into  a  mass  of  coke,  thus  losing  any  advantage  of  sizing.  Illinois 
coals  are  generally  non-coking  in  an  open  fire,  and  break  up  on  heat- 
ing, thus  insuring  a  proper  admixture  with  air  to  promote. combustion. 
On  account  of  this  property,  the  householder  can  obtain  equally  good 
results  with  any  one  of  several  sizes,  so  that  in  cases  of  a  shortage 
of  the  size  to  which  he  has  been  accustomed,  some  other  size  or  mixture 
of  sizes  may  be  used  with  only  slight  changes  in  the  method  of  firing. 
In  connection  with  sizing,  it  should  be  noted  that  the  presence  of 
much  fine  coal  tends  to  check  or  interfere  with  the  draft  action. 
Screenings  are  often  used  to  "damp"  or  "bank"  the  fire  in  order 
to  hold  it  over  night. 

Many  householders  prefer  large  lump  coal,  which  frequently 
costs  more  per  ton  than  the  smaller  sizes.  It  is  true,  in  general,  that 
lump  coal  will  burn  more  completely  than  the  smaller  sizes  because  the 
volatile  matter  is  given  off  more  slowly,  and  because  it  usually  contains 
less  dirt  and  other  impurities  than  the  smaller  sizes.  With  Pocahontas, 
the  reverse  is  sometimes  true. 

Washing  is  sometimes  employed  in  preparing  the  smaller  sizes 
of  coal  which  often  contain  considerably  more  rock  or  dirt  than  the 
larger  sizes.  In  this  process,  the  coal  is  treated  with  water  and  the 
surplus  rock  and  dirt  are  removed  and  thrown  away.  WTashed  coal, 
therefore,  has  less  ash  and  consequently  a  higher  heating  value  than 
the  coal  as  originally  mined.  From  the  standpoint  of  cleanliness  wash- 
ing serves  to  remove  the  fine  dust  which  accumulates  in  the  process  of 
mining  and,  although  rehandling  in  transportation  results  in  breakage 
and  in  the  production  of  some  additional  fine  material,  washed  coal 
is  generally  cleaner  when  put  into  the  bin  than  unwashed  coal  of  the 
same  characteristics. 

The  usual  impression  that  washed  coal  carries  a  much  higher 
percentage  of  moisture  than  unwashed  coal  is  not  in  accordance  with 
the  facts.  The  difference  under  average  conditions  does  not  exceed 
two  or  three  per  cent ;  usually  it  is  less  than  this  amount. 

To  summarize,  the  advantages  of  carefully  prepared  Illinois  coal 
as  compared  with  coal  which  has  been  indifferently  or  carelessly  pre- 
pared, or  coal  which  is  not  prepared  at  all,  are  as  follows : 

(a)  Prepared  coal  is  more  nearly  free  of  impurities. 

(&)  Prepared  coal  has  less  ash. 

(c)  Prepared  coal  has  a  higher  heating  value. 

(d)  Prepared  coal  may  generally  be  had  in  any  desired 
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sizes  to  suit  the  needs  or  wishes  of  the  individual  house- 
holder. 

IV.    The  Purchase  op  Coal 

13.  Factors  to  be  Considered  by  the  Householder. — Many  users 
of  large  amounts  of  fuel  buy  their  coal  on  what  is  known  as  the 
"B.  t,  u.  basis"  (see  page  27).  Such  users  generally  are  in  position  to 
obtain  the  highest  efficiency  from  their  plants  and  to  adopt  methods 
of  firing  which  will  enable  them  to  utilize  the  greatest  possible  per- 
centage of  the  heat  value  of  any  given  coal.  Purchasing  coal  on  the 
"B.  t.  u.  basis"  is  equivalent  to  purchasing  so  many  heat  units  in- 
stead of  so  many  tons  of  coal. 

The  case  with  the  householder  is  slightly  different  from  that  of 
the  large  user.  While  the  heat  value  of  a  coal  is  still  the  most  im- 
portant thing  to  be  considered,  other  characteristics  and  factors  have 
a  relatively  greater  bearing  upon  the  problem  of  the  householder  than 
upon  that  of  the  large  user.  The  value  of  a  fuel  in  a  house  heater  is 
not  dependent  entirely  upon  its  B.  t.  u.  value,  but  to  a  considerable 
extent  upon  the  skill  of  the  fireman,  the  design  of  the  furnace,  the 
method  of  firing,  and  the  several  properties  of  the  coal.  For  example, 
oareful  firing  and  attention  will  yield  as  good  results  with  an  11,000 
B.  t.  u.  coal  as  indifferent  methods  of  firing  will  produce  with  a 
12,000  B.  t.  u.  coal.  Widely  different  varieties  of  coal  should  not  be 
compared  solely  on  the  basis  of  their  heating  value.  The  greater  con- 
venience in  handling  and  firing,  lack  of  smoke  and  dirt,  and  the 
method  of  burning  are  all  qualities  which  distinguish  the  eastern 
<?oals  from  the  Illinois  coals  and  make  them  more  desirable.  How 
great  a  difference  in  price  the  householder  is  justified  in  paying  for 
these  advantages  is,  of  course,  a  matter  for  the  individual  to  decide 
for  himself. 

With  reference  to  the  selection  of  different  Illinois  coals,  the 
B.  t.  u.  value  and  the  percentage  of  ash  furnish  a  general  guide  to  their 
relative  values.  The  ash  content  directly  affects  the  B.  t.  u.  value, 
so  that  the  relative  value  may  be  expressed  with  fair  accuracy  by  the 
B.  t.  u.  value  alone,  although  the  efficiency  of  any  coal  drops  off  more 
rapidly  than  its  B.  t.  u.  value  when  the  ash  content  exceeds  10  or  15 
per  cent.  In  order  to  enable  the  small  consumer  to  judge  as  to  the 
relative  values  of  coals  offered  at  different  prices,  the  chart,  Fig.  15, 
lias  been  prepared  to  show  the  theoretical  value  of  coal's  of  different 
lieating  or  B.  t.  u.  values  at  various  prices  per  ton.    A  close  approx- 
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imation  of  the  percentage  of  actual  heat-producing  material  in  Illinois 
coal  may  be  obtained  by  dividing  the  B.  t.  u.  value  of  the  coal  by  155. 
Thus,  a  12,000  B.  t.  u.  coal  contains  12,000  ~-  155,  or  77  per  cent  of 
heat-producing  material. 

The  householder  should  remember  that  the  B.  t.  u.  value  as  shown 
by  the  test  of  a  selected  lump  or  properly  taken  mine  sample  does 
not  necessarily  coincide  with  the  B.  t.  u.  value  of  the  coal  as  deliv- 
ered. Ordinarily,  the  heat  value  of  well  prepared  coal  purchased 
from  reputable  dealers  does  not  vary  more  than  4  or  5  per  cent  from 
the  analysis  of  the  mine  sample.  Advertised  values  based  on  '"se- 
lected" samples  may,  however,  prove  misleading.  Unscrupulous  deal- 
ers sometimes  take  advantage  of  the  householder's  lack  of  technical 
knowledge  and  deliver  poorly  prepared  or  improperly  sized  coal  which 
may  be  greatly  deficient  in  heating  value.  The  precautions  which  a 
householder  may  take  against  such  a  risk  are:  (a)  buy  from  dealers 
who  are  known  to  be  reputable  and  responsible,  (b)  examine  the  coal 
to  see  that  it  is  free  of  impurities  and  is  properly  sized,  (c)  in  an  ex- 
treme case,  in  which  the  quality  of  the  coal  seems  to  have  been  grossly 
misrepresented,  have  a  sample  taken  and  analyzed  by  a  qualified  fuel 
chemist  who  understands  the  correct  method  of  sampling. 

V.     Operation  of  Small  Heaters 

14.  Reduction  of  Avoidable  Losses. — When  coal  is  burned  for 
heating  purposes  it  is  not  possible  to  utilize  its  full  heat  value.  A 
certain  part  of  the  heat  value  is  always  lost  or  wasted  in  the  process. 
It  should  be  the  aim  of  every  user  of  coal  to  reduce  such  losses  to  the 
lowest  possible  point,  thus  reducing  his  coal  bills  and  aiding  in  the 
general  fuel  conservation  movement. 

While  the  amount  of  coal  used  in  heating  a  single  residence  is 
relatively  small,  the  percentage  of  saving  which  is  possible  is  large. 
The  total  amount  of  coal  burned  in  small  heaters  amounts  to  millions 
of  tons  annually*  so  that  the  total  saving,  if  each  coal  user  does  his 
1 '  bit, ' '  will  be  large. 

Tests  have  shown  that  with  Illinois  coal  burned  in  warm-air  heat- 
ers, steam  boilers,  and  hot-water  heaters,  under  full  load  conditions, 
from  40  to  50  per  cent  on  the  average  of  the  heating  value  of  the  coal 
may  ordinarity  be  expected  to  be  usefully  employed  in  heating  the 


*It  is  estimated  that  fifteen  million  tons  of  coal  are  burned  annually  in  bouse  heating 
and  domestic  service  in  Illinois. 
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house  or  building.  Under  ideal  conditions  not  often  obtained  in 
practice,  proper  installation,  and  careful  and  frequent  attention,  50 
to  60  per  cent  of  the  heating  value  of  the  coal  may  be  converted  into 
useful  heat,  while  under  unfavorable  conditions,  or  with  only  a  small 
fire  burning,  only  25  per  cent,  or  even  less,  of  the  heat  value  of  the 
coal  is  utilized. 

"While  it  is  true  that  a  portion  of  the  heat  loss  is  unavoidable, 
it  is  desirable  to  employ  such  means  as  may  be  available  to  prevent  or 
reduce  the  avoidable  losses.  Large  plants,  such  as  power  plants  oper- 
ated under  the  care  of  fuel  experts  and  equipped  with  improved  de- 
vices for  promoting  fuel  economy,  often  utilize  as  much  as  70  to  80 
per  cent  of  the  heating  value  of  the  coal.  It  is  not  to  be  expected  that 
small  users  can  generally  obtain  so  high  a  degree  of  efficiency,  yet  it 
should  be  the  aim  of  every  householder  to  come  as  close  to  it  as 
possible.  If  all  domestic  users  in  Illinois  could,  through  care  in  firing 
and  proper  attention  to  details,  increase  the  available  heat  value 
utilized  say  from  35  per  cent  to  even  45  per  cent,  the  saving  would 
amount  to  4,000,000  tons  of  coal,  or  approximately  $16,000,000  per 
annum. 

15.  Principal  Losses. — The  principal  losses  which  occur  during 
the  operation  of  an  ordinary  house  heater  are  of  three  kinds : 

(a)     The  loss  through  the  grate  to  the  ash  pit. 

(&)  The  loss  on  account  of  radiation  of  heat  to  the 
firing  room  or  to  other  parts  of  the  building  not  intended 
to  be  heated. 

(c)     Losses  up  the  chimney. 

The  Loss  through  the  Grate. — This  loss  is  the  result  of  allow- 
ing pieces  of  unburned  or  partially  burned  coal  to  pass  through  the 
grate  with  the  ashes  to  the  ash  pit.  Though  generally  not  large,  this 
loss  is  one  which  can  be  readily  detected,  and  which,  by  exercising 
care  in  the  selection  of  coal  and  in  methods  of  firing,  may  easily  be 
kept  at  a  minimum.  The  loss  of  coal  through  the  grate,  when  using 
Illinois  coal  in  a  heater  of  sufficient  size  for  its  work,  should  be  so 
small  as  to  make  sifting  of  the  ashes  unnecessary. 

The  Loss  Due  to  Radiation  of  Heat  to  Basement. — Although 
it  may  be  desirable  to  impart  some  heat  to  the  firing  room  or  basement, 
most  of  the  heat  so  escaping  from  the  heater  should  be  regarded  as  a 
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.  ,  Chimney  tosses 

Useful /y  app//ed  heaf     Rsdiaf  ion  loss      Gases        3oor 
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Tig.  16.     Diagrammatic  Chart  Showing  Distribution  of  All  the  Heat  Avail- 
able in  the  Fuel  Fired  Under  Conditions  a  Little  More  Favorable  than 
Are  Usually  Met  with  in  Practice  in  House  Heating  Systems 

This  illustration  represents  a  warm-air  furnace;  similar  relations  hold  in  the 
case  of  steam  and  hot-water  units.  The  diagram  is  based  on  the  convention  that 
each  line  radiating  from  the  fuel  bed  represents  2%  per  cent  of  the  total  available 
heat  which  could  be  obtained  by  completely  burning  all  the  coal  contained  in  the 
.fire  pot. 
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Radiation     Chimney  fosses 
Usefu/fy  applied  heat     loss  Gases  Soot 
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Fig.  17.     Diagrammatic  Chart  Showing  Distribution  of  Heat  Available  in  the 

Fuel  in  Which  All  Losses  Are  Eepresented  as  Being  Greater 

than  Is  Justifiable  with  Proper  Regulation 

The  illustration  represents  a  warm-air  furnace;  similar  relations  hold  in  the 
case  of  steam  and  hot-water  units.  The  diagram  is  based  on  the  convention  that 
each  line  radiating  from  the  fuel  bed  represents  2%  per  cent  of  the  total  available 
heat  which  could  be  obtained  by  completely  burning  all  the  coal  contained  in  the 
fire  pot. 
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loss.  This  loss  may  arise  from  a  number  of  causes  some  of  which  are 
not  easy  to  determine  nor  to  correct.  An  undue  amount  of  heat 
may  be  radiated  to  the  basement  on  account  of  insufficient  covering  of 
the  heater  or  of  the  piping  which  carries  the  warm  air,  water,  or  steam. 
This  condition  may  be  readily  detected,  and  should  be  corrected  by 
covering  the  exposed  parts  or  pipes  with  suitable  material.  Excessive 
radiation  from  the  smoke  pipe  connecting  the  heater  with  the  chimney 
may  effect  a  loss.  This  may  be  the  result  of  allowing  the  furnace 
gases  to  pass  directly  into  the  smoke  pipe  through  an  open  or  de- 
fective by-pass  damper,  or  may  be  due  to  a  condition  of  overload  in 
which  the  furnace  is  required  to  burn  too  much  coal  for  its  size.  In 
either  case  an  overheated  smoke  pipe  indicates  not  only  a  loss  due  to 
radiation,  but  generally  a  much  larger  loss  represented  by  the  heat 
which  passes  up  the  chimney  in  the  highly  heated  gas. 

"Warm-air"  heaters  which  become  unduly  heated  and  radiate 
too  much  heat  to  the  basement  usually  are  so  installed  that  the 
circulation  of  the  air  which  is  being  warmed  and  distributed  is  de- 
fective. This  lack  of  circulation  may  be  due  to  insufficient  space 
between  the  heater  proper  and  its  casing,  or  to  defective  arrangement 
of  the  cold-air  duct  and  warm-air  distributing  pipes.  In  addition  to 
the  radiation  loss  due  to  such  a  condition,  there  will  occur  at  the  same 
time  a  considerable  loss  occasioned  by  the  overheated  chimney  gases. 
This  chimney  loss  may  be  much  greater  than  the  radiation  losses. 

Losses  up  the  Chimney. — By  far  the  greater  portion  of  the 
heat  of  the  coal  which  is  not  usefully  employed  in  heating  passes  up 
and  out  of  the  chimney.  To  burn  a  pound  of  coal  requires  from 
ten  to  twenty  pounds  of  air.*  Coal  combined  with  air  by  the  process 
of  combustion  forms  the  gases  which  pass  up  the  chimney.  "Draft" 
action,  or  the  movement  of  air  through  the  heater  and  chimney,  is 
stimulated  by  the  heat  present.  Since  draft  action  is  essential  in  the 
operation  of  a  furnace  or  heater,  a  portion  of  the  heat  in  the  chimney 
gases  does  useful  work,  and  may  be  considered  as  a  necessary  loss. 
The  amount  of  heat  in  the  chimney  gases  is,  however,  always  larger 
than  is  necessary  for  this  purpose. 

The  heat  losses  up  the  chimney  may  be  divided  into  two  classes, 
the  loss  represented  by  unconsumed  material  consisting  of  soot  and 
gases  which,  if  they  had  been  completely  burned,  would  have  given  off 


♦One  pound  of  air  at  70  degrees  F.  has  a  volume  of  13.33  cubic  feet  and  at  600 
degrees  F.  its  volume  is  double  this  amount. 
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additional  heat,  and  the  excess  heat  actually  wasted  in  the  hot  gases 
passing  up  the  chimney.  The  unburned  gases  may  or  may  not  have 
color.  They  sometimes  yield  a  smoke  of  a  yellow  or  brown  color,  and 
they  always  represent  a  considerable  loss  of  heat.  Losses  represented 
by  the  unburned  gases  may  be  due  to  one  of  two  different  causes,  (1) 
too  much  air  which  tends  to  lower  the  temperature  in  the  combustion 
chamber  and  to  retard  burning,  and  (2)  too  little  air  which  does  not 
permit  of  the  mixing  of  air  and  coal  in  the  proper  proportions.  The 
causes  of  too  much  air  are  very  thin  fires,  holes  through  the  fire  bed, 
and  open  firedoors.  An  insufficient  air  supply  is  likely  to  occur  only 
for  a  short  period  after  a  considerable  amount  of  coal  has  been  thrown 
on  the  fire.  More  frequent  firing  with  smaller  charges  of  coal,  firing 
before  the  fire  becomes  too  low,  covering  only  a  portion  of  the  fire 
bed  with  fresh  coal,  and  giving  attention  to  proper  regulation  of  ash- 
and  fire-door  dampers  will  help  to  keep  down  losses  due  to  insufficient 
air  supply. 

The  illustrations  (Figs.  16,  17,  18,  and  19)  show  how  the  heat 
value  of  coal  may  be  distributed  when  burned,  and  also  indicate  how 
the  extent  of  the  principal  losses  may  be  affected  by  changing  the 
conditions  of  operation.  In  all  of  the  figures  one  hundred  pounds  of 
coal  have  been  represented  as  fired,  and  this  amount  has  been  distrib- 
uted in  proper  proportions  to  show  the  various  losses  and  the  heat 
utilized. 

Figure  16  represents  conditions  more  favorable  than  are  gener- 
ally met  with  in  practice.  Of  the  one  hundred  pounds  of  coal  fired,  5 
per  cent  goes  to  the  ash  pit,  40  per  cent  to  the  chimney,  5  per  cent  to 
radiation  loss,  and  50  per  cent  is  usefully  employed  for  heating 
purposes. 

Figure  17  illustrates  conditions  in,  which  all  of  the  losses  are 
larger  than  for  those  represented  in  Figure  16,  and  in  which  the 
amount  of  useful  heat  is  correspondingly  low.  Thin  fires,  too  much  fine 
coal,  and  lack  of  care  in  handling  the  fire  may  make  the  ash-pit  loss 
large.  Infrequent  and  heavy  firing,  and  lack  of  attention  to  drafts  may 
increase  the  amount  of  unburned  material  in  the  chimney  gases.  Thin 
fires,  leaks,  open  fire  doors,  or  poor  circulation  may  cause  the  heat  in 
the  chimney  gases  to  be  too  large.  Lack  of  covering,  faulty  dampers, 
or  poor  circulation  may  cause  the  radiation  loss  to  be  too  great. 

Figure  18  illustrates  conditions  in  which,  due  to  leaks  and  to  poor 
circulation  (which  may  in  part  be  also  due  to  the  leaks),  both  the 
radiation  and  the  chimney  losses  are  verv  large  and  the  amount  of 
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Fig.  18.     Diagrammatic  Chart  Showing  Distribution  of  Heat  Available  in  the 

Fuel  Which  May  Occur  Under  Conditions  in  Which  Excessive 

Leaks  and  Poor  Circulation  Exist 

Thin  fires,  and  lack  of  care  in  firing  may  also  result  in  excessive  losses. 
The  illustration  represents  a  warm-air  furnace;  similar  relations  hold  in  the  case 
of  steam  and  hot-water  units.  The  diagram  is  based  on  the  convention  that  each 
line  radiating  from  the  fuel  bed  represents  2y2  per  cent  of  the  total  available 
heat  which  could  be  obtained  by  completely  burning  all  the  coal  contained  in  the 
fire  pot. 
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Fig.  19.     Diagrammatic  Chart  Showing  Distribution  of  Heat  Available  in 

the  Fuel  Under  Ideal  Conditions 

The  results  here  represented  could  be  obtained  only  under  ideal  operating 
conditions  in  which  no  leaks  existed  and  in  which  the  most  careful  attention  was 
given  to  firing.  The  illustration  represents  a  warm-air  furnace;  similar  relations 
hold  in  the  case  of  steam  and  hot-water  units.  The  diagram  is  based  on  the 
convention  that  each  line  radiating  from  the  fuel  bed  represents  2%  per  cent  of  the 
total  available  heat  which  could  be  obtained  by  completely  burning  all  the  coal 
contained  in  the  fire  pot. 
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heat  usefully,  employed  is  smaller  even  than  in  the  previous  case. 
When  there  are  excessive  radiation  and  chimney  losses,  such  as  too 
much  heat  in  the  basement  or  a  very  hot  smoke  pipe,  the  causes  should 
be  investigated  and  corrections  made  in  so  far  as  possible. 

Figure  19  illustrates  practically  ideal  conditions  in  which  all  of 
the  losses  are  low  and  the  amount  of  usefully  employed  heat  is  large. 

16.  Factors  Affecting  Heat  Losses. — The  methods  of  operation 
which  tend  to  make  the  heat  losses  unduly  large  and  those  which  tend 
to  keep  them  at  a  minimum  may  be  considered  in  connection  with : 

(a)  Character  of  fuel,  its  size  and  uniformity. 

(b)  Draft  control  for  Illinois  coal. 

(c)  Method  of  firing. 

(d)  Care  of  heater  in  service. 

Character  of  Fuel,  Its  Size  and  Uniformity.— In  general 
those  coals  which  contain  the  most  ash,  the  most  moisture,  and  the 
highest  percentage  of  volatile  matter  present  the  most  difficult  prob- 
lem when  an  effort  is  made  to  keep  down  the  losses  to  the  ash  pit  and 
to  the  chimney.  The  differences  in  these  respects  between  different 
Illinois  coals  are,  however,  not  large  and  with  a  little  extra  care  the 
so-called  poorer  coals  ordinarily  may  be  burned  with  good  results. 

The  size  of  coal  and  its  uniformity  have  a  bearing  upon  losses. 
Coal  containing  much  fine  material  may  often  be  the  cause  of  large 
losses  through  the  grate.  Fine  material  in  the  coal  tends  to  clog  or 
deaden  the  fire,  to  obstruct  the  air  supply,  and  to  produce  smoke.  Coal 
of  a  uniform  size,  or  clean  lump  coal  cracked  so  that  there  are  no 
lumps  larger  than  three  or  four  inches,  generally  produces  the  best 
results  with  respect  to  keeping  down  ash-pit  and  chimney  losses.  A 
comparatively  thick  fuel  bed  (Fig.  2)  should  be  maintained  with  a 
uniformly  sized  coal,  as  such  coals  permit  the  passage  of  air  more 
readily  than  coal  containing  fine  material  or  coal  of  mixed  sizes. 

Sized  coal  and  screened  lump  coal  usually  cost  more  than  coal 
containing  fine  material.  "Which  is  the  more  economical  depends 
largely  upon  the  price.  In  general,  if  the  price  difference  is  small,  the 
advantages  mentioned  make  the  screened  coal  quite  as  economical  as 
the  cheaper  unscreened  coal,  otherwise  the  reverse  is  true.  In  many 
heaters  having  insufficient  draft  the  screened  coal  will  be  found  the 
more  economical. 
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Draft  Control  for  Illinois  Coal. — In  order  to  operate  any 
system  of  heater  drafts,  successfully  the  householder  must  understand 
certain  fundamental  facts. 

(1)  Due  to  the  suction  or  draft  action  produced  by  a  good  chim- 
ney there  is  a  constant  tendency  for  air  to  enter  any  opening  into  the 
ash  pit,  combustion  chamber,  or  smoke  pipe  of  a  house  heater.  It  is, 
therefore,  necessary  to  have  all  such  openings  controlled  by  tight- 
fitting  dampers  in  order  to  regulate  the  air  supplied. 


Fig.  20.     First  Stage  of  the  Coking  Method  of  Firing,  in  Which  Fresh  Coal 

Is  Spread  Over  Only  a  Portion  of  the  Fire  Bed,  and  the  Eemaining 

Portion    of    the    Fire    Is    Glowing    Brightly,    so    That    the 

Combustible  Gases  Arising  from  the  Fresh  Fuel  May 

Be  Quickly  Ignited  and  Burned 


(2)  Air  must  be  supplied  in  varying  quantities,  ranging  through 
wide  limits,  in  order  to  burn  fuel  economically.  With  Illinois  coal 
this  variation  in  amount  of  air  required  is  large  and  requires  careful 
attention.  It  is  greatest  soon  after  firing,  from  which  time  it  should  be 
gradually  decreased  until  the  next  charge  is  fired. 

(3)  Air  may  be  supplied  either  above  (through  fire  door,  Fig.  3, 
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or  through  special  slots  or  ports)  or  below  (through  ash  pit  door — 
Pig.  3)  the  burning  fuel  bed,  and  sometimes  both  above  and  below 
the  bed.  Immediately  after  firing  soft  coal,  when  the  most  air  is 
needed,  some  air  must  enter  above  the  fuel  bed  in  order  to  burn  the 
large  amount  of  volatile  matter  given  off  from  the  fresh  or  "green" 
fuel  charge  and  to  provide  sufficient  oxygen  to  insure  the  burning  of 
the  combustible  carbon  gases  given  off  from  the  fuel  bed.     Failure 


Fig.  21.     Second  Stage  of  the  Coking  Method  of  Firing  in  Which  the  Newly 

Coked  Fuel  Is  Spread  Over  the  Entire  Fuel  Bed,  After  Most 

of  the  Volatile  Gases  Have  Been  Burned 


to  supply  air  for  this  purpose  will  result  in  a  considerable  loss  or  waste 
of  heat.  As  soon  as  this  gaseous  matter  is  burned  off  (the  fresh  fuel 
will  have  become  more  or  less  bright  on  top,  by  this  time),  the  over- 
draft through  the  fire  door  should  be  partly  closed  and  the  ash-pit 
clamper  left  partly  open.  In  mild  weather,  both  the  ash-pit  damper 
and  the  overdraft  should  be  closed  to  prevent  the  coked  fuel  now  left 
in  the  fire  from  burning  out  too  quicky. 

In  case  the  fire  must  be  checked  still  further,  as  is  true  for  most 
of  the  heating  season,  the  check  damper  (Fig.  3)  in  the  smoke  pipe 
must  be  opened  in  order  to  decrease  the  draft  or  suction  action  of  the 


1 


PURCHASE  AND   USE  OF   COAL   FOR    HEATING   HOMES 


49 


chimney  by  admitting  cold  air  directly  into  the  flue.  This  is  the  case 
when  the  fire  is  to  be  carried  overnight  without  burning  out,  but  there 
should  be  no  attempt  to  "hold"  a  fire  in  this  way  unless  there  is  a 
good  bed  of  fairly  well  coked  fuel  already  in  the  fire  pot.  Always  let 
a  fresh  fuel  charge  burn  up  somewhat,  with  overdrafts  at  fire  level 
open,  before  attempting  to  carry  it  for  a  considerable  period  with  an 
open  check  damper. 


Fig.  22.     Third  Stage  of  the  Coking  Method  of  Firing  in  Which  the  Entire 

Fuel  Bed  Has  Become  Incandescent  and  Is  Burning  with  a 

Short  Flame  Which  Gives  Off  No  Smoke 

Method  of  Firing. — In  order  to  promote  economy,  fire  at 
fairly  regular  intervals,  and  put  on  comparatively  small  charges  of 
coal  frequently  rather  than  large  charges  at  much  longer  intervals. 
It  is  recognized  that  infrequent  firing  of  large  quantities  of  coal  may 
be  the  more  convenient  method,  but  such  convenience  can,  with  the 
ordinary  heater,  be  obtained  only  at  the  sacrifice  of  economy.  Large 
charges  of  coal  and  infrequent  firing  will  increase  the  chimney  losses 
due  to  the  production  of  unburned  gases  just  after  firing. 

Employ  the  coking  method  of  firing  (Figs.  20  to  22)  in  so  far  as 
possible,  that  is,  spread  the  fresh  coal  upon  a  portion  of  the  fire  bed 
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only,  leaving  a  portion  of  the  fire  glowing  brightly  (Fig.  20)  so  that 
the  gases  which  rise  from  the  freshly  fired  coal  may  be  quickly  ig- 
nited. As  soon  as  this  fresh  coal  has  been  coked  it  should  be  spread 
out  over  the  entire  fuel  bed  (Fig.  21).  It  will  then  burn  as  a  bright 
fire  without  further  smoke  (Fig.  22). 

Those  heaters  which  have  fire  pots  sufficiently  large  to  permit  the 
effective  use  of  the  coking  method  of  firing  by  depositing  considerable 
quantities  of  coal  on  one  part  of  the  fire  bed  while  the  other  is  glow- 
ing and  carrying  on.  the  combustion  can  be  most  economically  em- 
ployed for  house  heating.  Many  house  heaters  have  fire  pots  which 
are  too  small  to  make  possible  the  use  of  the  coking  method  and  its 
economy. 

Keep  a  fairly  thick  fire  bed  with  the  surface  of  the  fire  well  up  in 
the  heater.  This  keeps  the  fire  in  the  best  condition  to  radiate  heat 
to  the  heat-absorbing  surfaces,  and  prevents  the  loss  of  coal  to  the 
ash  pit.  More  ashes  can,  of  course,  be  carried  in  the  lower  part  of 
the  fuel  bed  (Fig.  3)  during  mild  than  during  cold  weather.  Do  not 
poke  nor  stir  the  fire  as  this  is  likely  to  produce  clinkers  and  to 
cause  greater  losses  both  to  the  ash  pit  and  to  the  chimney.  For  the 
same  reason  excessive  shaking  should  be  avoided.  If  clinkers  are  pro- 
duced, they  should  be  removed  with  as  little  disturbance  of  the  fire 
bed  as  possible.  Keep  the  ashes  away  from  the  underside  of  the  grate. 
Their  presence  may  prevent  the  inflow  of  sufficient  air,  or  may  de- 
flect the  air  admitted  through  a  part  of  the  fire  bed  only.  This  con- 
dition not  only  interferes  with  the  proper  combustion  of  the  coal,  but 
may  also  result  in  burned  out  grates. 

Care  of  the  Heater  in  Service. — The  heater  should,  while 
in  service,  be  kept  in  good  repair  throughout.  A  defective  or  broken 
part,  a  cracked  casting,  defective  dampers,  or  other  unfavorable  con- 
ditions may  impose  such  additional  burden  upon  other  parts  or  upon 
the  heater  as  a  whole  that  it  may  operate  very  inefficiently.  As  such 
inefficiency  is  not  always  readily  apparent,  the  only  safe  way  is  to 
keep  the  heater  in  good  repair  at  all  times. 

Soot  and  ashes  in  the  flues  or  gas  passages  of  heaters  prevent  the 
heat  from  passing  to  the  water,  steam  or  air  which  is  to  be  heated. 
Flues  should  be  thoroughly  cleaned  at  regular  intervals.  Some  heat- 
ers should  be  cleaned  each  day,  while  in  general  a  cleaning  about  once 
a  week  is  sufficient.  Soot  and  ashes  upon  the  heating  surfaces  not 
only  prevent  the  passage  of  heat,  but  may  so  clog  the  flues  as  to  inter- 


1 


PURCHASE  AND   USE  OF   COAL  FOR    HEATING    HOMES  51 

fere  with  the  draft  action  and  thus  make  satisfactory  operation  of  the 
heater  impossible. 

17.  Smoke  Usually  an  Indication  of  Losses. — While  tests  have 
shown  that  the  actual  heat  value  contained  in  smoky  discharges  from 
the  chimney  is  not  very  much  greater  than  that-  contained  in  dis- 
charges which  are  not  smoky,  the  presence  of  smoke  usually  indicates 
careless  methods  of  firing  or  improper  regulation  of  dampers  with  their 
attendant  losses  and  wastes.  If  your  chimney  smokes  continually  or 
too  freely,  you  may  be  sure  that  unnecessary  losses  are  taking  place. 

VI.     Conclusions 

The  cost  of  operating  any  heating  plant  will  depend  upon:  (1) 
the  care  and  completeness  with  which  it  has  been  installed,  and  (2) 
the  character  or  frequency  of  attention  which  the  operator  is  able  or 
willing  to  give  to  it.  The  better,  or  more  nearly  complete,  the  original 
installation,  the  less  will  be  the  time  and  labor  required  for  its  econom- 
ical operation. 

While  the  higher  priced  coals  may  be  used  in  the  ordinary  small 
plant  with  greater  convenience  and  less  labor,  the  actual  fuel  cost 
per  year  will  be  generally  higher  than  with  cheaper  coals,  providing 
careful  and  frequent  attention  is  given  to  firing,  and  the  plant  is  of 
ample  capacity  and  is  kept  in  good  repair. 

18.  Summary  of  Installation  and  Operating  Requirements. — 
The  following  is  a  summary  of  installation  and  operating  require- 
ments to  which  your  plant  and  your  methods  of  attendance  should 
conform.  This  list  is  general,  but  in  so  far  as  it  applies  to  your  in- 
stallation and  your  conditions  of  operation,  which  should  be  com- 
pared with  or  checked  against  it  item  by  item,  the  answer  to  each 
requirement  should  be  either,  "My  plant  meets  that  condition,"  or 
"It  is  operated  as  here  indicated." 

(1)  The  chimney  should  be  absolutely  tight  and  should 
have  a  continuous  fire  clay  flue  lining  from  top  to  bottom. 
Round  or  square  linings  are  to  be  preferred,  and  there  should 
be  no  offsets. 

(2)  The  smoke  pipe  should  grade  up  to  chimney,  and 
should  always  be  straight  and  short. 
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(3)  A  shut-off  or  cross  damper  is  required  in  the  smoke 
pipe  to  control  the  intensity  of  the  chimney  draft,  and  there 
should  also  be  a  check  draft  damper  in  the  smoke  pipe  be- 
yond the  cross  damper.  Use  the  check  damper  for  the  ordi- 
nary daily  regulation  of  the  fire. 

(4)  There  should  be  a  lift  damper  or  slide  in  fire  door, 
but  never  use  this  damper  to  check  the  fire.  All  dampers 
must  fit  true  and  be  tight. 

(5)  "With  the  check  draft  closed  the  fire  should  burn  up 
quickly  when  the  draft  damper  in  the  ash  pit  is  open ;  other- 
wise the  draft  is  deficient. 

(6)  The  by-pass  damper,  if  provided  in  your  heater, 
must  be  tightly  closed  except  when  starting  fire. 

(7)  The  heater  base  must  be  tight,  and  grouted  to 
the  floor,  so  that  no  air  leakage  into  the  ash  pit  can  occur  at 
this  point. 

(8)  Heating  surfaces  must  be  kept  clean  and  free  from 
soot  and  ash  accumulations,  and  the  entire  ash  pit  must  be 
cleaned  daily. 

(9)  Grates  must  be  true  and  not  warped,  must  move 
easily,  and  have  no  broken  places  for  coal  to  drop  through. 
Unburned  or  partly  burned  coal  should  not  appear  in  the 
ashes  at  any  time. 

(10)  All  basement  piping,  heater  surfaces,  and  smoke 
pipe  must  be  completely  covered. 

(11)  Soft  coal  should  be  fired  frequently  in  rather 
small  charges  by  the  alternate  or  coking  method,  and  all 
overdrafts  should  be  closed  as  soon  as  coking  is  complete.  The 
fire  should  not  be  poked  nor  stirred  from  above. 

(12)  House  heaters  must  have  provision  for  overdraft 
through  fire  door  or  around  top  of  fire  pot. 

(13)  The  fuel  pot  must  be  kept  full  with  fire  surface  at 
level  of  fire  door;  let  ashes  accumulate  on  (not  under)  the 
grate  in  mild  weather.  Grates  must  not  be  shaken  too  long 
and  violently*  and  clinkers  must  be  removed  with  as  little 
disturbance  of  the  fire  as  possible.  Never  shake  or  disturb 
a  very  low  fire  until  you  have  added  and  ignited  a  little  fresh 
fuel. 

(14)  Anticipate  the  heating  demand  by  firing  promptly 
when  the  outside  temperature  begins  to  drop,  or  the  wind 
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increases.    Never  allow  a  fire  to  burn  too  thin  or  to  develop 
holes  in  the  fire  bed. 

(15)  If  the  heater  is  small  for  its  work,  do  not  use  coal 
containing  a  large  amount  of  fine  material.  If  the  heater 
is  amply  large  and  careful  attention  can  be  given  to  handling 
the  fire,  fine  material  may  be  used  without  disadvantage. 

(16)  Some  kind  of  automatic  damper  regulator  is  es- 
sential to  economy  of  operation. 

(17)  The  house  must  be  kept  at  a  uniform  tempera- 
ture and  not  allowed  to  cool  down  more  than  ten  degrees  at 
night. 

(18)  The  temperature  of  all  rooms  must  be  as  low  as 
is  consistent  with  comfort.  To  heat  a  house  to  75  degrees  F. 
instead  of  to  70  degrees  F.  with  an  average  outside  tempera- 
ture of  40  degrees  F.  for  the  entire  heating  season  means  a, 
17  per  cent  increase  in  fuel  consumption. 

(19)  All  windows  and  doors  must  be  as  tight  as 
possible. 

(20)  The  circulation  of  the  air,  steam,  or  water  must 
be  uniform  and  positive  to  all  parts  of  the  system.  If  un- 
satisfactory, an  experienced  steam  fitter  or  furnace  man 
should  be  consulted. 

(21)  The  heater  as  well  as  the  system  as  a  whole  must 
be  kept  in  first  class  condition,  and  defects  of  any  sort  re- 
paired immediately.  Satisfactory  operation  and  sanitation 
require  that  all  ducts,  registers  and  radiators  be  kept  scrupu- 
lously clean  and  free  from  dust,  cobwebs,  and  other  accumu- 
lations. 
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